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ABSTRACT

This report outlines the force and pressure
wind tunnel test of general protuberances for
the Saturn vehicles to be performed at the

Douglas Aerophysics Laboratory 4 foot by L
foot trisoniec wind tunnel.
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1.0

. INTRODUCTION

Due to the basic design of the Saturn vehicle, several systems pro-
trude from the external surface of the airframe. The three-dimen-

" glonal viscous character of the flow enviromment around these pro-

tuberances causes the analytical prédiction of the loads to be
extremely difficult. The only meﬁhod avallable resulting in
sufficiently accurate data before flight testing is to simulate
these systems in a wind tunnel test.

The preliminary test report, reference (l), included both this

test and the heat transfer test. It has been decided that these
two tests and their doé¢uments be adminlstered separately. Also,'
included in the preliminary test report was the analysis used to
Justify simulating the cylindrical vehicle surface by a flat plate
and a discussion of the wind tunnel simulstion of the actusl flight
envirommental conditions.

This document contains the details of the models and instrumentation
to be employed for the general protuberance force and préssure test.
Included in this report are descriptions of the wind tunnel facility,
the data recording systems, the dasta reduction procedure, and the
test concept and objectives. The planned program schedule and wind
tunnel run schedules are also presented. The test is divided into
four phases: general presswre test, force test, transverse rings
test, and S-IC interference test.
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2.0

TEST OBJECTIVES AND CONCEPT

The force and general pressure test models consist of & nose section,
& body section, and an afterbody section. Figure 1 shows the general
configuration of the models. The bodies are a semi-cylinder on a
rectangular parallelepiped and the noses end afterbodies are an
oblique seml-cone on a tapered wedge. A disaussion of the models to
be used in the transverse rings test and the S-IC interference test
is found in the following sections.

The plate that the models will be mounted on has stringers which sim-
ulate not only the outer surface of the S-IVB stage, but the other
stages of the Saturn V vehicle vwhere stringers may exist. It is pos-
sible to use a flat plate to simulate the vehicle surface without data
degradation, becsuse the diameter of the vehicle is very large com-
pared to the protuberance height and the short radial arc of the
vehicle surface simulated.

The plate is the same simulated vehicle surface mounting plate de-
veloped for the Auxiliary Propulsion System (APS) test, references(e)&(3),
modified as follows: +the field splice ring will be removed because

it 1s pecullar to the S-IVB stage. The stringers will be lengthened
approximately 15 inches, in order that they will extend several inches
upstream of the models to allow stabilization of the flow before
reaching the models. A number of static pressure orifices have been
added to the plate to obtain the required data. One row of stringers

on each side of the plate centerline will be removed in order that

the models can be located between stringers instead of above them.

Figure 2 shows the revised plate and all of the pressure orifice lo-
cations.

The criteria for proper simulation of the model to the vehicle is
the relationship between the wind tunnel boundary layer height and

aauw%gégéii;;
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the vehicle boundary layer height. Since the wind tunnel boundary
loyer will be utilized to simulate the boundary layer over the |
vehicle, the tunnel boundary layer will determine the model scale, - o
‘Figure 3 i a plot of wind tunnel boundary layer height over the ‘
plate as a function of Mach number. Analytieal plots of the bound-
ary layer thickness over the Saturn V vehicle, reference (1), show.  .
‘that many of the protuberances on the vehicle are almost equal in ‘; |
"height to the vehicle boundary layer. Optimm simulation for our 'sk_
Mach number range {s achieved by use of a 2.5 inch caliber for the g :
" force and general pressure test models. The models are one caliber  :
in height and one caliber wide. ‘

2.1’ General Pressure Test

‘Three models will be mounted individually on a plate simulating
the vehicle outer surface. The static pressure will be measured
at several locations on the models and the resulting data will be
utilized to determine protuberance skin thickness requirements in
addition to providing a correlation with force test wind tunnel

data. ' The models to be employed and theilr pressure orifice loca- 3
tions are shown in figure 4. Simultaneous with recording the model'ffi
static pressures, the static pressure will be recorded at various -
locations on the plate which simulates the vehicle surface. The
plate pressures will be recorded for all runs excepting those ;fﬂiii
repeated in the force test. However, static pressure data will be o
neasured under the'model on all runs for both the pressure and :
.force tests to verify the effectiveness of the seal used ‘betwaen e
the bottom of the model and the plate during the force test.

During the pressure test the opening between the model nose and :
the plate will be taped to damonstrate a perfect seal conrigura- o
tion of the seals used in the force test.tlf L

The data obtained from the'three xodels tqgted;ﬁill demonstrate
the effect of changing body length and noue'or:arterbody'angle;

= 3



Combinations to be used are: 15 degree nose and afterbody with a
3 caliber body; 15 degree nose and afterbody with a 1 caliber body;
30 degree nose and afterbody with a 3 caliber body.

The plate will be yawed to 5 end 10 degrees to study this effect on
selected runs. This 1s accomplished by unfestening the plate from
the tunnel floor and rotating the entire assembly to the desired
angle,

Figure 5 shows the plate and the pressure orifice locations which
w1ll be used for the general pressure test (and the force test).
Also shown in this figure is the ramp (aft of station 22.912)which
is used in the force test only.

2.2 Transverse Rings Test

A model simulating the circumferential transverse rings on the
surfece of the RIFT stage of the Saturn V vehicle will be tested

to determine the effect on the pressure distribution of a variation
in distance between the rings. The transverse rings are simulated
by placing metal strips on the plate perpendicular to the stringers.
These rings are the same cross section as the stringers. Figure 6
shows the location of the simulated rings on the plate. Several
segments of rings are mounted on the plate with various spacings
between the rings. The static pressure will be measured at the
locations shown in figure 6 to determine the loads on the vehicle
surface. Testing will be performed to determine if extreme pres-
sure reglons exist lmmedlately ahead of or behind the rings.

2.3 S-IC Interference Test

The general protuvbersnces used in the tests are representative of
protuberances existing on most of the Saturn vehicle stages. One

section in particular, however, requires closer attention. The

' I4
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rearmost stringer sectlon of the S-IC stage includes protuberances
not adequately duplicated and, therefore, necessitates a separate
test.

Wooden models simulating a shroud and several protuberances on the
S-IC stage will be mounted on the plate. Figure 7 shows the inter-
ference models on the mounting plate with the pressure orifices to
be used, and figure 8, the models. Only a quarter section of the
shroud will be used in order to have a model cross-sectional area
vhich will not block the tunnel and because the scale used (1/10)
makes 1t possible to use the existing plate with stringers to sim-
ulate the S-IC stage.

A knife edged splitter plate will be attached to the shroud to
create a mirror image effect at M = 0.8 and M = 1.2. The plate
will not be used above M = 1,2 because of shock wave effects.
Although & wesk shock will be formed at M = 1.2, the splitter
plate will still be used to avoid cross-flow effects over the

"shroud. Analysis of the static pressure distribution measured
on the vehicle surface results in the total loads on the skin,
and an attempt will be made to use this data to indlcate what
portion of these loads are interference induced.

2,4 TForce Test

Aerodynamic forces and moments on the protuberances will be de-
termined. In addition, pressures will be measured on the surface
surrounding the protuierance to evaluate the effect of the fairing
on the local flow field. A bese pressure probe consisting of two
or three static pressure‘orifices will be attached to the plate

for use on rung with no afterbody in the configuration. The remp,
or simulated aftt interstage, used in the APS test will be used in
the force test on a limited number of runs to simulate the S-IVB-
S-IT interstage. The reamp and pressure orifice locations are shown

in figure 9.
e



Figure 5 shows the plate with the orifices to >z used in the force
test and the ramp as it will appear when attached. Jakes and
separated regions caused by the protuberance will be of jarticular
interest. Several combinations of noses, bodies, and afterbodies
will be tested and the effect of protuberance geometry on the loads
and local pressure distribution will be examined.

Noses and afterbodies to be tested include 15 degree and 30 degree
shapes. Body lengths of one caliber and three calibers will be
tested in conjunction with the different noses and afterbodies.
Some configurations will be run without an afterbody and one with
a body alone,

"Yaw angles to be tested are O degrees, 5 degrees, and 10 duyrees
for selected Mach numbers. A complete survey of the tunnel bound-
ary layer will be made at M = 1.6 and M = 2.0 at the beginning of
the force test using the boundary layer rake constructed for the
APS test. If good egreemert 1s evidenced, then the boundary layer.
survey below M = 1.6 from the APS test will apply to this test.

A boundary layer trip will be utilized to increase the boundary
layer height and several runs will be made to show the effect on
the same protuberances of a thicker boundery layer. This new
boundary layer will be surveyed at M = 0.8, M = 1.2, and M = 1.6
80 that its helght will be accurately known.

The force models will be mounted slightly sbove the plate in order
that clearance will be maintained during deflections of the model
force belance. A seal will be used between the model nose and the
plate to prevent air flow under the model invalidating the data.
However, this seal will be designed so that is does not restrict
the model force balance deflections. A fouling circuit to warn of
contact between the seal and the plate is necessary. The pressure
data taken under the models during the force test will be compared
with pressure data taken during the pressure test to demonstrate
the seal effectiveness.

Luunﬁglggﬁi;‘
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PROGRAM SCHEDULE

The plannqg schedule for the program, based on estimates of the
Douglas Ae pobellistics Section, the Model Test Group, and the
Aerophysiés Leboratory is presented in figure 10. This figure
indicates the test will be started the first week of February
and will have a duration of approximstely 10 days. The final
reports are expected to be completed by May, 196k.

aauwégégé::;_
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’4.0

RUH SCHEDULE

The enclosed run schedule, teble I, indicates the configurstions
to be tested and their corresponding yaw angles and wind tunnel
Hach numbers. This is a swmary run schedule and the actual order
of the runs end the manner of tunnel operation may differ to

obtain the most satisfactory run schedule from a tunnel occupancy
time standpoint.
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5.0

 MODEL INSTRUMENTATION

~ Por each test.

on recharging. Therefore, only the number of orifices re- - i

5.1 Pressure Instrumentation

ALl static pressure dats will be obteined from instrumentation
consisting of an orifice flush with the model surface or plate .

and a plece of tubing which will comnect the orifice to:a B
presgure scanner. The pressure scenner gang switches 16'nodei,"5ykﬂyﬂ
pressuresto 16 transducers in the scammer. Each of the trans.
ducers 1s connected to one of 16 availsble channels in a

. Gianinni date recording system. Sixteen mode)l pressures are

read each 0.8 seconds and the geng switch rotates to 10 sets
of 16 presgures (each set may be from different pressure o
orifices), Thus, in the pressure mode up to 160 méasurementq,_;y’iigi;
can be recorded each eight seconds. The capacity is reduced 3; :;?73”
by a few channels to record tunnel properties and further re- ‘f  
duced by a few edditional channels during the force test‘to.'ffi;y,
record force data. Figure 1l 1ists the orifices to be used   :¥,,;

As the mmber of pressure measurements taken increaees;yfhg LI,
run time of the wind tunnel incresses. This depletes the air =~ = =
in the storage tanks and causes additional time to be expended ;]if

quired to obtain sufficient data for each tesf_will be utilized.f{

BEREN S

5.2 Force Instrumentation

The forces and moments acting on the protuberances during the

wind tunnel test will be messured with a strein gage balance.
Six ccmponent force and moment date will be taken. Components
10 be measured are normel, exial, and side forces, pitching, yawing,
and rolling moments. Loading of the balance produces & deformation
of the strain gages. This in turn alters the amperage through the
gage and unbalences the Wheatstone Bridge circuit. The Wheatstone |
Bridge circult 1s previously calibrated with known loads so that

the electrical output represents a given loed.




DATA RECORDING, HANDLING, AND REDUCTION

6.1 Pressure Test Data

The following data will be obtained during the pressure tests:

‘Run number

Mach number

Yaw angle (degrees)

Pressﬁre tap location

Pressure ratio (PL/POO)

Pressure coefficient Cp =P - Poo/qoo
Stilling chamber total pressure (psf)
Stilling chamber stsgnation temperature (°r)
Test section static presssure (psf)
Reynolds number ( /inch)

The accuracy of the pressure measurements will be 0.05 psi.

6.2 Force Data

Six coamponent force and moment data referenced to the body axis,
figure 12, will be measured and will be presented in coefficient
form. The location of the moment reference is at the bottom of
the model and lies on the x-z plane, figure 1l3. The reference.

area, reference length, and moment reference needed for calculeg-
tion of coefficients are also listed in figure 13.

The accuracy of the force data will be 1 per cent of the maximum
expected loads. The expected loads are based on a 2.5 inch cali-

ber, a dynamic pressure of 14 psi, end a maximun yaw angle of
10 degrees, and are listed below.

RORMAL AXIAL SIDE PITCHING YAW ROLL
FORCE FORCE FORCE MOMENT MOMENT MOMENT
Fx Fa Fy My Mz My
-191 LBS 94 LBS 147 LBS =727 IN. LBS 292 IN. LBS 147 IN. LBS

osele
C
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6.3 Shadowgraphs

Shadowgraphs will be taken over the forward section of the plate
during the force test runs without the remp. Also, shé.dowgra.phs
will be taken over the aft portion of the plate during force test
runs with the ramp and during the interference test.

/
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7.0

WIND TUNNEL FACILITY

M1 facilities and equipment needed to conduct this program are
currently availeble within the Douglas Alrcraft Company, Missile
end Space Systems Division. These include the erngineering feacile
ities required for design of the models, a model shop capable of
fabricating and instrumenting the models and support equipment,
IBM 1620 and 7090 computing facilities required for data reduce

tion and analysis, and the wind tunnel test facility.

The Douglas Aerophysics Labofaxory L foot by 4 foot tunnel locae

ted at El Segundo, California, is a blowdown-to-atmospheric

facility. Tabulated below are several of the pertinent opera-

tional characteristics.
Mach number Varisble from 0.2 to 5.0

30 to 60 seconds

20 to 50 psia debending on M

60° to 9ogF at M = 1.0 and
below 1200 to 200 F at M = 4.5
and above

1200 to 3500 psf
0.5 x 106 to 2 x 106 yer inch

Run time
Stagnation pressure
Stegnation temperature

Dynamic pressure
Reynolds number

Boundary layer thickness
Pump up time

Angle of attack range
Storage pressure
Storage volume

Thermal mass

1.5 to 4.5 inches

10 to 20 minutes

-15° to 25° with straight sting
025 psia

26, 250 3

60 tons of galvanized steel tubing

A schematic of the design features of the tunnel is showm in figure 1k.

In addition to the tunnel itself, the facility contains or has
directly available the following associated equipment:

aauaéf;_
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A shadovgraph system capable of producing shaddwgraphs
at 2 second intervals,

A 16 channel digital system capable of recording data
every 0.6 seconds on IBM punch cards.

A pressure scanner which uses 16 pressure transducers
and switches 10 pressures to each transducer enabling

up to 160 pressures to be sensed every 8 seconds.

A Benson-Lehner electroplotter with a speed of approx-
imately 1,200 points per bhour for as run and summary
plots.

An auxiliary air supply system.

A channel direct writing recorder with up to a 100 cps
response.

DOUGLHS %2
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8.0

PROPOSED DATA ANALYSIS

The data obtained from this test should be directly spplicable to
the full scele vehicle, because the model shapes, the model size
relative to the tunnel boundary layer, and the test conditions
closely simulate the actual flight enviromment.

8.1 General Pressure Test

Determination of the pressure distribution over th: protuberance
swiaces will define the local skin thickness requirc..ats. The
pfessure field surrounding the protuberences will be investizated
to evaluate wakes and separated regions created by their presence

as well as their effects on the pressure distribution on the vehicle
surfaces.

The effect of protuberance gecmetry on the flow field in the vicin-
ity of the protuberance will be studied.

8.2 Transverse Rings Test

Pressures measured between the transverse rings will be used to
calculate the loads on the surface. In addition, the effect of
varying the spacing between rings will be noted.

8.3 8-IC Interference Test

Pressures measured on the simulated S-IC stage in the S-IC
interference test will be used to calculate the total loads on
the surface.

8.4 Force Test

Data from the force test will provide loads and moments on the
protuberances, which will be a function of protuberance gecmetry.




f

The effect on the loads of varying the boundary layer height and the
protuberance induced loads on the vehicle surface willl be investiga-
ted.

15



9.0

TEST PERSONNEL

The Saturn Aerobellistics section is responsible for experimental
coordination which includes test planning, supervision of test
opergtions, and technical coordination between DAC and MSFC, NAA,
Boeing, and Lockheed. The Aeroballistics section will also per-
form all of the data analysis and will be responsible for all of

the final reports. The personnel responsible include V. J. Smith,
J. E. Vondette, and G. D. Roeck.

D, T, Lloyd of the Model Test group is responsible for coordina~-
tion of model design and febrication, and all liaison between
the technical sections and the wind tunnel facility.

DDUG& 8
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* $-IC INTERFERENCE TEST MODELS

NOTE: ALL DIMENSIONS IN INCHES
FIGURESNOT TO SCALE
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RAMP AND PRESSURE ORIFICES
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MOUNTING PLATE AND RAMP PRESSURE MEASUREMENTS

TEST RUNS ORIFICE NUMBERS
GENERAL PRESSURE . 1,3,12, 14 #8, 10, 110, 18, 19, 21, 23, 25-27, 111, 112
' 33-40. 42-50, 54-57, 113, 114, 68-73
76, 1.4 40, 81, 83, 85, 87, 90, 91, 103, 107
2,411, 13 #42-57
TRANSVERSE RINGS ALL RUNS #1-10, 17-26, 33-40, 42-54, 68-77
79-90, 96-107
$-IC INTERFERENCE ALL RUNS #1-6, 1727, 36-41, 47-67, 71-78
. 82-91, 92-100, 116-123
FORCE 1-39 #5, 8, 10, 110, 18, 19, 21, 23, 25-27, 111
112, 33-40, 42-50, 54-57, 113, 114
68-73, 76, 115, 80, 01, 83, 85-88
50, 91, 100, 103, 107
~40-45 SAME AS RUNS 1-39
PLUS #12-16, 28-32, 50-67
3-10, 16, 17 SAME AS RUNS 1-39

PLUS BASE PRESSURE PROBE

FIGURE 171




BODY AXIS, FORCE, AND MOMENT
COORDINATE SYSTEM

+Y,+Fy, +My

FIGURE 12




LOCATION OF MOMENT REFERENCE
REFERENCE LENGTH AND AREA

o /MOMENT REFERENCE
S S
z |
1 \
{
l« x g |
& OF BoDY
MOMENT REFERENGE REFERENCE
CONFIGURATION REFERENCE (X) . AREA . LENGTR
Ny + By 13.08 IN. 558 i 2 16.83 IN.
Ny+ By : 208N, 5.58 1.2 183N,
Mo+ By Ay 808 IN. 5.58 1.2 16.16 1N,
N+ By Ay 13,08 (N, 558 IN2 26.16 IN.
By 375N, . 5.58 IN.2 T501N.
N+ Bra My 10.58 1. 559 IN2 BAGIN.
Ny+ By + Ay 5.58 IN. 5.5 2 1116 1N,
M+ B+ by , 13.08 IN. 558 W2 2RI,

FIGURE 13




“1am0} 13144 0 vorsveda aidwed  ¥ISNAANA 03X ()

"sadueyd pue
uone|jeisul japow 10} jauun) 3uiuado “1asnjyP Ijqerea

-Hoddns |3pow Bundeqas sasnyjip paxy ol sadodsalal  ¥ISN3410 IMA00SITIL (B)

*S13qunu Yoew diuosiadng je sowi} umy

papuajxa smojje jeoiy) ageuep "Buijsa) diuosuel) Joj Jeaj weassdn WOIj Pa}IIUUOISIP

13SN})Ip 3jQRiIRA J6 JRR| WEBSSUMOQ “JAQUNY YIBW S]OUDD AA{ea ssedhg -yipim

NS whwixew ,,g ‘Ajiqeded Yajid £Z + 0} £~ PUB UOLIOW (BINIIA UI1W SINNS [B31}13A
Baiy ing  ¥3SN441Q IT8YIIVA 3 IATVA T0HINOD SSYdAE ": 40ddNS 1300N @

' dn SnAW JN3HD  wWealSumMop

PUB 3]qRAOWA] UONIAS "2~ OF £Z2°0+ S[Iem Wwo3}04 puB t, us guadidnp ajqelsnipy

*ljem 0} jewiou s3joy wado %2z pajeio)sad Sjjem 4

*5U0} 150d O 4O JUO JB SMOPUIM “B1D , 0F ‘Buo] ,,bp] NOILD3S LS3L JINOSNVHL @

——t—0——0

I °ON
21vd MOV

. { R

0670-01 £iD+
‘s)jem woy)oq pue do} Lo 3JUIBIBAIR mzsmacm Aq 8;3588
sake] Arepunog ‘woljoq pue doj sduiwado .
n¥Z 'SHEM3DIS Ui SHOPUIA "1p ,,0F BU0[ ,,09 NOILD3S 1531 JINOSH3dNS (§)
076 0) 0°[ yoew 10j
sinojuod ‘sydel gz Aq paljonuod yoea *sajed ajqixayy ¥a1y} 947027 31ZZ0N @

"SuyaIds 3uanqINy p ‘vorjenuajje AS1aua dnsnode gp Z-Si

10§ S|aued 213snode ‘ajejd pajesoysad-uado o,0f ‘PAYSI] ¥IGWVHI TTILS @
*sBuir 1121jqe)s yaoys ¢ i i g ‘auod aduenul ¥3SN441Q ANLINI @

“Jaquey? .1N1$S31d JURISLOI uieulew

13{j01ju03 [eaIUeYdAW-"01; 313 4Q uni Suunp pajejndal aAleA JA YA TJOHLNOD O

~@-O—@——1

0110

M3IA 30IS

)

ot
\
=
9

|

1NY¥YLs 1d40ddNnS 1300W

b ssovr 31220

SHIVIM YOLVSNIJAOD 8 "ON
SHIVI JONIDYIAIC 1V DINOSNVHL 43AVT AYVANNOE dlvd MOVT
H3IA 401
At/
- - laﬂ == :ﬁullljo - “\\\“ \~
o — — ——
1 &\V\

ONILSIE JINOSHIdNS Y04 43Z17igv1s

4V3ITAVIHLISNMOQ NOLLISOd SN3FYIS F0NINGUNL HI0HS

JATVA T041INQD SSYJAS
438WVYHD WNN3Td HOILI3S 1S31 JINOSNVYL

WIYILYH D1LSNODY
3LV14'3LVH0443d -

INIOr NOISNVdX3
JATVA NIV

$3uN1Y34 NDISIA TINNAL 1004 - ¥N0d DINOSIEL Tva

7 |
i ==

FIGURE 14




RUN SCHEDULE

GENERAL PRESSURE TEST

RUN  CONFIGURATION MACH NO. W
1 Ny +By+ A 2.0 0°
2 N+ B+ A 1.6 w0
3 N+ B+ Ay 1.2 0
4 Ny + By + Ay 0.8 0
CHANGE TOy = 5°
o 3 Ni+Br+ Ay 0.8 5°
6 Ny + By + Ay 1.6 - 5°
S 7 Ny + By + Ay 16 10°
B Ni+B) + Ay S, 08 10°
CHANGE TOy = 0°
Ny+ Byt Ay 0.8 i 0°
Ny+ By Ay ; 1.2 BN
Ny + By + Ag 0.8 0°
No+By+ Ay 1.2 0
No+By+Ag- ; 1.6 20
N2 + By + Ay ; 2.0 S

=]

o

o

(=2~

]

RUN  CONFIGURATION = MACHNO.:
RINGS ON MOUNTING 0.8

PLATE 1.2
16

2.0

o BN

RUN  CONFIGURATION -~ MACHNQ.
1 INTERFERENCE MODELS 08 -
2 ONMOUNTING PLATE 12
3 )
! 20

T AR T A

pews

b 1

RN o L

SROLSL 278

TABLE |

3



FORCE TEST

RUN CONFIGURATION
1 BOUNDARY LAYER RAKE
2 BOUNDARY LAYER RAKE
3 Ny + By
4 Ny + By
5 Ny + By
6 Ny + B
7 Ni+ By

.8 N2+ By
9 N2+ By

10 N2+ By

11 No + By + Ag

12 Ni+ B+ Ay

13 Ny+ By - Ay

14 Ay +By+ Ay

15 ey + By + Mg

16 B

17 By

18 Ni+Ba+ My

19 Ni+Ba+ Ay

20 Ny+ B+ Ay

2 N2+ Ba+ A

2 Ny + By + Ag

23 Ny +By+Ap

24 Ny + By + A

25 N1 +Ba+ Ay

26 M+Byy Ay

27 Ny+Ba+ Ay

28 B +By+ A

29 NM+Bi+ A

30 N+ By+ Ay

3l Ni+By+ Ay

32 N] + ‘3‘; + A]

33 N+ By + Ay

VARY BOUNDARY LAYER BY US:.

INCREASE HEIGHT

34 BOUNDARY LAYER RAKE
35 BOUNDARY LAYER RAKE
36 BOUNDARY LAYER RAKE
37 Ni+ By+ Ay

- 38 N+ Bl+ Ay

39 Ny+By+ Ay
ATTACH RAMP

40 M+Byi+ A
L) Ni+ B+ Ay
42 Ni+Bi+ Ay
43 N+ B+ Ay
44 N] + B] + Az
45 . M+Bi+Ag

MACHNO. ¢
16 0°
20 0°

16 0°
20 0°
12 0
08 0°
06 0°
08 0°
1.2 0°
16 0°
16 0°
16 0°
08 0°
06 0°
08 0°
16 3°
08 0°
08 0°
12 0°
16 0°
16 0°
06 0°
08 0°
16 0° o
CHANGE TO ¢ = 10
16 10°
12 10°
08 10°
0.8 10°
1.2 106°
1.6 10°
GHANGE TOy=5°
16 §°
12 §5°
08 5°

_ TUNNEL TO
CHANGE TO ¢ = 0°
08
1.2

16

1.6

12
08 °

(NORMAL BOUNDARY LAYER)

08 0°
12 0°
16 0°
16 0°
12 0°
08 0°

TABLE | CONT
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